The degree to which host genetic variation can modulate microbial communities in humans
INTRODUCTION
involving the airway. 
172
Individuals with larger kinship coefficients (more related) have more similar beta diversities 173 (lower Euclidean distances). Red dashed represents the trend line from a linear model. Nasal 174 vestibule p < 1x10 -4 ; nasopharynx p = 4.0x10 -4 .
176
Although an individual's microbiome composition is highly sensitive to the household 177 environment (Lax et al. 2014 ), sharing of households by first degree relatives did not 178 significantly affect the correlation between beta diversity and kinship in our sample. To examine to adjust for the relatedness between all pairs of individuals in our study. Our analyses revealed 194 37 mbQTLs at q < 0.05, three of which were associated with multiple bacteria (overall 37 195 variants associated with 22 genus level bacteria). Of the 37 mbQTLs, 14 were associated with 196 10 genera in the nasal vestibule and 23 were associated with 14 genera in the nasopharynx.
197
The results for mbQTLs with q < 0.05 are shown in Table 2 and results for 108 mbQTLs with q < 198 0.10 are shown in Supplemental Table S2 .
199
The most significant association was with an intergenic SNP 8kb upstream of the TINCR 200 gene on chromosome 19 and the abundance of Dermacoccus (phylum Actinobacteria) in the 201 nasal vestibule in the summer (rs117042385; p = 1.61x10 -8 ; q = 0.002, Figure 4 ). TINCR is a 202 long non-coding RNA gene that controls human epidermal differentiation and directly binds to 203 the peptidoglycan recognition protein 3 (PGLYRP3) transcript (Kretz et al. 2013) . A second was also associated with the RA of Dermacoccus in the same site and season as TINCR (p = 206 9.47x10 -7 , q = 0.047, Figure 4 ). rs28362459 is a missense variant in fucosyltransferase 3 207 (FUT3), a gene essential for the synthesis of Lewis blood groups (Taylor-Cousar et al. 2009;  208 Yamamoto et al. 2014 ).
209
To determine if the association of increased Dermacoccus RA with the rs28362459-C 210 allele in FUT3 is independent of the association with the rs117042385-C allele upstream of 211 TINCR, we phased the two variants and examined the four haplotypes (seven diplotypes) 212 present in our sample. This revealed independent effects of genotypes at both SNPs 213 contributing to the RA of Dermacoccus (p = 4.65 x10 -9 ; Figure 4C ). In particular, individuals who 214 were homozygous for both alleles (rs117042385-CC/rs28362459-CC) had the highest RA of Chromosome 
280
IPA identified two networks with Fisher exact p < 10 -25 ( Figure 6 ). The most significant network 281 included 21 of the 131 genes, nine of which were near mbQTLs with q < 0.05 (Fisher exact p = 282 10 -43 ; Figure 6A ). This network contained many hubs including SMAD2, a gene that regulates nasal vestibule in the summer in our study (rs77536542; p = 6.35x10 -8 ; Figure 4A ). SNP 313 rs10055309 was the most significant QTL reported the TwinsUK study. SLIT3 is a secreted 314 protein that is widely expressed across many tissues with highest expression in skin, brain Study and our study suggests that this gene may play a role in the modulating bacterial 319 abundances across diverse body sites in humans.
321

DISCUSSION
322
Our study is the first to assess the role of genome-wide host genetic variation in shaping the 323 human microbiome at two upper airway sites. We first demonstrated reduced bacterial beta 324 diversity between more closely related pairs of individuals, and then discovered associated 325 genetic variants at functionally related genes. These combined results indicate a significant role 326 for host genotype in patterning microbial diversity in the nose.
327
Our results further suggest that the upper airway may be the site of important gene-328 environment interactions. In this context, host genotype at many loci may ultimately impact 
